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Abstract: In this paper we compare the prediction for deep inelastic scattering from N=4 SYM with the
HERA experimental data. The paper conveys two results. The first is the message that N=4 SYM is able
to describe the DIS data with very good accuracy (χ2/d.o.f. ≤ 1.5) in the region of Q2 = 0.85÷ 60GeV 2
with 2/
√
λ = 0.7÷0.8 . The second is that the value of string coupling constant gs turns out to be so small
that none of saturation effects will be visible in the region of accessible energies, including the maximal
energy of the LHC (W = 14 TeV).
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1. Introduction
It is well known that N=4 SYM together with AdS/CFT correspondence allows us to study theoretically
the regime of the strong coupling constant [1] . For the first time we have a theory which leads to the
main ingredients of the high energy phenomenology such as the Pomeron and the Reggeons, in the limit
of strong coupling. On the other hand, N=4 SYM with small coupling leads to normal QCD like physics
(see Refs. [2, 3]) with OPE and linear equations for DIS as well as the BFKL equation for the high energy
amplitude.
The Pomeron which appears in N=4 SYM[5] has the intercept and the slope of the trajectory that are
equal to
αIP (0) = 2 − 2√
λ
≡ 2 − ρ; α′IP (0) = 0. (1.1)
in the limit of ρ ≪ 1. First, we would like to recall that N=4 SYM has a simple solution for the following
set of couplings:
gs =
g2YM
4π
= αYM =
λ
4πNc
; R = α′
1
2 λ
1
4 ; gs ≪ 1; but λ ≫ 1 (1.2)
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where R is the radius in AdS5- metric:
ds2 =
R2
z2
(
dz2 +
d∑
i=1
dx2i
)
=
R2
z2
(
dz2 + dxµdx
µ
)
(1.3)
with µ = 0, 1, 2, 3.
One can see that at large λ the Pomeron intercept is close to 2 and, therefore, the exchange of
the Pomeron gives almost real amplitude. Indeed, the unitarity constraint in this case looks as follows
[4, 5, 6, 7, 8, 9, 10]
ImA
(
s, b; z, z′
)
= |A (s, b; z, z′) |2 + O(ρ = 2√
λ
)
(1.4)
Eq. (1.4) means that the contribution of the multiparticle production is small for the strong coupling and
main source of the total cross section is originated by elastic and quasi-elastic ( diffractive) processes when
the target (proton) remains intact. Such a picture not only contradicts the QCD expectations[11, 12, 13,
14, 15, 16], but also contradicts available experimental data.
On the other hand, the main success of N=4 SYM has been achieved in the description of the multiparti-
cle system such as quark-qluon plasma and/or the multiparticle system at fixed temperature [17, 18, 19, 20].
Therefore, we have either to find a new mechanism for multiparticle production in N=4 SYM (see an
attempt in Ref.[21]) or to assume that λ is not very large (say ρ = 0.5 ÷ 0.8). It should be noticed that
even at ρ = 0.8 λ is rather large ≈ 6.
The first goal of this paper is to find the range of λ that can describe the deep inelastic(DIS) data
from HERA. We believe that correction to Eq. (1.1) is proportional to 1/λ and λ ≈ 6 could lead to a
good in the description of the experimental data. It can give a sizable cross section for the multiparticle
production. Such an approach will be a N=4 SYM motivated model which will be able to provide a guide
for a theoretical approach to QCD in the region of strong coupling.
It was shown in Refs.[4, 6, 7, 8, 9, 10] that we face the saturation phenomena in N=4 SYM at low
x for DIS. The physics of the saturation looks very similar to the saturation phenomena in high density
QCD with one essential difference: the saturation in N=4 SYM we can theoretically describe in very simple
fashion based on the eikonal formulae. This approach can be easily generalized for scattering both dense
and diluted systems. Using these formulae we can learn what can happen in the region of very low photon
virtualities and find parameters such as gs that govern the strong interactions.
The second goal of this paper is to find parameters of N = 4 SYM that characterize the strength of
interaction in the large coupling limit from the comparison with DIS data and derive the estimates for the
expected saturation effects.
N=4 SYM being conformal invariant theory has only massless particles and leads to the scattering
amplitudes that fall as a power of b at large values of impact parameters (b). This decrease results in the
power- like dependance of typical impact parameters in the amplitude. In particular, for hadron-hadron
scattering these typical b ∝ s1/3[10, 22] which contradicts the Froissart theorem [23]. We have to go
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beyond of N=4 SYM and discuss the string theory, conformal limit of which is N=4 SYM, to restore the
logarithmic behaviour ( b ∝ ln s) of the typical impact parameters. The third goal of this paper is to find
out how the b behaviour influences the description of the experimental data.
In the paper we compare the N=4 SYM formula for deep inelastic structure function F2 which we derive
in the next section, with the HERA data for low x region (x ≤ 0.01). Since the physical meaning of the fifth
coordinate z (see Eq. (1.3)) is the typical size of the colliding particles, DIS gives an unique opportunity
to check the predicted behaviour on z. On the other hand, it is known that the energy dependance of DIS
is rich and, in particular, F2 ∝ x−λ with λ = 0.1 ÷ 0.5 for Q2 = 0.1 ÷ 27GeV 2, respectively. Therefore,
we have the set of the experimental data both for checking energy and z dependance of the scattering
amplitude, especially because the experimental errors are so small that it is a challenge to describe the
data in any theoretical approach (see section 3 of this paper).
The paper conveys two results. The first is the message that N=4 SYM is able to describe the DIS
data with very good accuracy (χ2/d.o.f. ≤ 1.5) in the region of Q2 = 0.85÷ 60GeV 2 with ρ = 0.7÷ 0.8 (
see section 3). The second is that the value of gs turns out to be so small that none of saturation effects
will be visible in the region of accessible energies including the maximal energy of the LHC (W = 14 TeV).
DIS data can be described both in conformal N=4 SYM and taking into account non-conformal corrections
in b dependance.
However for description of proton-proton scattering we need corrected b dependance (see section 3).
The main result of Ref. [22] that it should be the other source of the multiparticle production than N=4
SYM remains even for ρ = 0.7÷ 0.8.
2. High energy Scattering in N=4 SYM
2.1 Pomeron exchange
As has been mentioned there exists the Pomeron in N=4 SYM with the parameters of its trajectory given
by Eq. (1.1). The exchange of this Pomeron leads to the following contribution to the scattering amplitude
(see Fig. 1-a):
A˜ =
g2s
4π
{ 2
πρ
+ i
} (z1z2s)1−ρ√
u (2 + u)
ln
(
1 + u+
√
u (2 + u)
)
√
ρ π ln3 (z1z2s)
exp

− ln2
(
1 + u+
√
u(2 + u)
)
ρ ln (z1z2s)

 (2.1)
where
u =
(z1 − z2)2 + b2
2z1z2
and b is the impact parameter in the scattering amplitude (2.2)
One can see that Eq. (2.1) is very similar to the expression for the exchange of the BFKL Pomeron[14]
in which the sizes of the interacting dipoles are replaced by z1 and z2 and in which ∆IP = 2− αIP (0) and
the diffusion coefficient are equal. It should be recalled that Eq. (2.1) describes high energy scattering in
the kinematic region where z1z2s ≫ λ ≫ 1.
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2.2 Eikonal formula
p1
gs
s   −>
z1
p2
gs
z2
p1
s   −>
z1
z2p2
Fig. 1-a Fig. 1-b
Figure 1: It is shown the one Pomeron ( reggeized graviton) ex-
change in Fig. 1 -a and the eikonal rescattering (Fig. 1-b) for N=4
SYM at large coupling
Since the Pomeron intercept is larger than
1, considering the high energy scattering
we cannot restrict ourselves by the exchange
of one Pomeron. It is well known that in
N=4 at small coupling as well as in per-
turbative QCD the problem to take into
account all Pomeron exchanges and the Pomeron
interaction is a very difficult problem that
has been only partly solved in high den-
sity QCD (see Refs. [11, 12, 13, 14, 15, 16]). However, for N=4 SYM with large coupling the situa-
tion turns out to be much simple and at small values of ρ the amplitude can be found in the eikonal
approximation[6, 7, 8, 10] (see Fig. 1-b), namely,
A (s, b; z1, z2) = i
{
1 − exp
(
iA˜ (s, b; z1, z2)
)}
The total cross section that we are going to discuss is proportional to imaginary part of the amplitude and
can be written in the form for virtual photon- proton scattering in the form
σtot (γ
∗ + p) = (2.3)
2
∫
d2b
∫
∞
0
dz1dz2Φγ∗ (z1) Φproton (z2)
{
1 − cos
(
N2cReA˜ (s, b; z1, z2)
)
exp
(
−N2c ImA˜ (s, b; z1, z2)
)}
Functions Φγ∗ (z1) and Φproton (z2) describe the probability for virtual photon and proton to have the size
z1 and z2, respectively, and we will discussed them in the next section.
2.3 Φγ∗ and Φproton
At low x the DIS on the boundary can be expressed through the dipole -proton cross section
σtot (γ
∗p) =
∫
d2r⊥Pγ∗ (r⊥) σtot (dipole-proton; r⊥;x) (2.4)
where the probability to find a dipole with the size r⊥ Pγ∗ (r⊥) is equal to [24]
Pγ∗ (r⊥) =
αemNc
2π2
Nf∑
1
Z2f [ζ
2 + (1− ζ)2] Q¯2K21
(
Q¯r⊥
)
(2.5)
where ζ is the fraction of the energy that is carried by the quark, Zf is the fraction of the electric
charge for the quark of flavour f , αem is the electromagnetic fine constant.
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To find Φγ∗ we need to generalize the wave function of the photon (K0
(
Q¯r⊥
)
) on the boundary to the
wave function in the bulk. We can reconstruct this wave function using the Witten formula [25], namely,
Ψγ∗ (r, z) = (2.6)
Γ (∆)
π Γ (∆− 1)
∫
d2r′
(
z
z2 + (~r − ~r′)2
)∆
Ψγ∗
(
r′⊥
)
with ∆± =
1
2
(
d ±
√
d2 + 4m2
)
where Ψ (r⊥) is the wave function of the dipole inside the photon on the boundary. Using Eq. (2.6) we can
find Φγ∗(z) as
Φγ∗ =
αemNc
2π2
Nf∑
1
Z2f
∫ 1
0
dζ[ζ2 + (1− ζ)2] Q¯2
∫
d2r|Ψγ∗ (r, z) |2 = (2.7)
=
αemNc
2π2
∫ 1
0
dζ
Nf∑
1
Z2f [ζ
2 + (1− ζ)2] Q¯
∫
d2rd2r, d2r,,
(
Γ (∆)
π Γ (∆− 1)
)2
×
(
z
z2 + (~r − ~r,)2
)∆
K1
(
Q¯r, ⊥) ( z
z2 + (~r − ~r,,)2
)∆
K1
(
Q¯r,,
⊥
)
Using the formulae 3.198, 6.532(4), 6.565(4) and 6.566(2) from the Gradstein and Ryzhik Tables,
Ref. [26] we can rewrite Eq. (2.7) introducing the Feynman parameter (ξ) and taking the integral over r
and the angle between ~r, and ~r,,. It has the form
Φγ∗ = z
4αemNc
2
Nf∑
1
Z2f
∫ 1
0
dζ [ζ2 + (1− ζ)2] Q¯2
∫
dr,2dr,,2
∫ 1
0
dξ K1
(
Q¯r,
⊥
)
K1
(
Q¯r,,
⊥
)
(2.8)
× 2
(
ξ(1− ξ)(r,2 + r,,2) + z2)2 + 4r,r,,ξ2(1− ξ)2
(ξ(1− ξ)(r, − r,,)2 + z2)5/2 (ξ(1− ξ)(r, + r,,)2 + z2)5/2
In Eq. (2.8) we used that for photon m and d in Eq. (2.6) are equal to 0 and 2, respectively.
For Φproton we use the expression that has been suggested in Ref. [22], namely,
Φproton (z) =
∫
d2r
Nc∏
i=1
|Ψ(ri, z) |2 (2.9)
In Eq. (2.9) we assumed that a proton consists of Nc colourless dipoles and each dipole interacts with other
dipoles without correlation. We use Eq. (2.6) to find out function Ψ (ri, z) . In this equation Ψ (r
′) is the
wave function of the dipole inside the proton on the boundary. For simplicity and to make all calculations
more transparent, we choose Ψ (r′) = K0 (qr
′). The value of the parameter Q can be found from the value
of the electromagnetic radius of the proton (q ≈ 0.35GeV −1).
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Substituting Eq. (2.6) in Eq. (2.9) one obtains
Figure 2: The slope d lnF2/d ln(1/x) versus Q
2. Data
are taken from Ref.[28]. In this paper the slope was ex-
tracted from the data of Ref.[29]. The curves are the fit to
the data, based on perturbative QCD, given in Ref.[28].
Φproton (z) =
Nc
N
(
Γ (∆)
π Γ (∆− 1)
)2
×
∫
d2r, d2r,, d2r K0
(
qr′⊥
)
K0
(
qr,,
⊥
)
(2.10)
×
(
z
z2 + (~r − ~r′)2
)∆ ( z
z2 + (~r − ~r,,)2
)∆
where N is the norm of the dipole wave function on
the boundary ( N = π/q2 for K0 (qr⊥))
Using that∫ ∞
0
J0 (kr) r dr
(z2 + r2)∆
=
1
Γ (∆)
21−∆ k∆−1K1−∆ (kr) ;∫ ∞
0
rdr J0 (kr) K0 (qr) =
1
k2 + q2
; (2.11)
we obtain
Φproton (z) = 2
5−2∆ q2 z6−2∆
∫ ∞
0
K21−∆(t) t
2∆−1 dt
(t2 + q2z2)2
(2.12)
2.4 Physical observables
We deal with the DID structure F2 which can be written in the form
F2
(
Q2;x
)
=
Q2
4π2αem
σtot (γ
∗ + p; Eq. (2.3)) (2.13)
For proton-proton collision we will use the total cross section written as
σtot (p+ p) =
∫ ∞
0
dz1dz2Φproton (z1) Φproton (z2) (2.14)
2
∫
d2b
{
1 − cos
(
N2c ReA˜ (s, b; z1, z2)
)
exp
(
−N2c ImA˜ (s, b; z1, z2)
)}
with Φproton (z) given by Eq. (2.12). However Eq. (2.1) describes the scattering amplitude only in the
region of high energies. For DIS we select onlt data with x ≤ 0.02 and we use for fitting the following
expression:
F2
(
Q2;x
)
= F2
(
Q2;x; Eq. (2.13)
)
+ F in2
(
Q2
)
(2.15)
where F in2
(
Q2
)
is a DIS structure function at x0 = 0.02 and it was considered as a fitting parameter at
any value of Q.
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For proton-proton interaction we described the data at W =
√
s ≥ 20GeV and add a constant σ0 to
Eq. (2.14).
Eq. (2.3) which is written in N=4 SYM, has power - like decrease at large valies of the impact parameter
(b). On the other hand for not very small ρ the conformal symmetry of N=4 SYM is broken and we need
to consider the string theory for which N=4 SYM is a conformal limit at small ρ. In the string theory the
hadron spectrum has the lightest hadron with the massmglueball =
√
ρ/α′ which leads to the exponential
falldown of the amplitude A˜ (s, b; z1, z2) at large b: A˜ (s, b; z1, z2)
b≫mglueball]−−−−−−−−−−→ exp
(
−mglueball b
)
. We
rewrite Eq. (2.3) in the form
A˜ (s, b; z1.z2) = A˜ (s, b; z1, z2|;Eq. (2.1)) e
−mglueball b (2.16)
to take into account the mass spectrum of the string theory. The final answer for the amplitude in this
case is Eq. (2.3) in which A˜ is replaced by A˜, (A˜→ A˜).
In this paper we check also our description of the DIS data with the experimental data on the total
cross section for proton-proton scattering. For this observable we use the following expression:
σ proton - proton (s) = σproton-proton (Eq. (2.14)) + σ0 (s) with σ0 (s) = σ01 +
σ02√
s
(2.17)
The contribution ∝ 1/√s corresponds to the contribution of the secondary Regge poles. σ0 (s) is related to
the mechanism of the strong interaction that cannot be described by N=4 SYM or to unknown corrections
to this theory ∝ 1/λ.
3. Comparison with the experimental data
Using the formulae of the previous
Solution ρ g ∆ χ2/d.o.f.
I 0.701 ± 0.004 0.004 ± 0.001 2 1.42
II 0.75 ± 0.007 4.019 ± 0.061 2 1.22
Table 1: Fitting parameters for solution I (see Eq. (2.1)) and solu-
tion II (see Eq. (2.16)).
section we compare the value of F2
(
Q2;x
)
with the HERA experimental data in the
region of low x ( x ≤ 0.02) . As has been
mentioned our main goal is to obtain two
parameters of the N=4 SYM: ρ and gs.
For each chosen value of Q2 we introduce
one more phenomenological parameter: the value of F2(Q
2). It should be mentioned that the value of ∆
in Eq. (2.6) for the proton as well as the value of q have to be found from the fit, but we have to recall
that the value of q characterizes the typical scale of the non-perturbative wave function of the proton and
can be extracted from the electromagnetic radius of the proton.
As we have mentioned the main qualitative experimental observation is that F2 ∝ (1/x)λ(Q2) and
the power λ(Q2) depends on Q2 changing from λ ≈ 0.1 ÷ 0.2 at low Q2 ≤ 1GeV 2 to λ ≈ 0.4 at high
Q2 > 50GeV 2 (see Fig. 2).
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At first sight we cannot reproduce such a behaviour since the exchange of the Pomeron generates only
one power λ = 1 − ρ. The only way out is to include the Pomeron re-scattering which could lead to the
amplitude with the effective power that depends on Q. To our surprise we fitted the HERA data with
small value of g which turns out to be so small that in the accessible region of energies including the LHC
highest energy the Pomeron re-scattering does not contribute and only the exchange of the one Pomeron
determines the amplitude. The restoration of the unitarity constraint will occur at ultra high energy.
0
1
Q2=0.85GeV2 Q2=2GeV2 Q2=6.5GeV2
0
1
Q2=8.5GeV2 Q2=15GeV2 Q2=27GeV2
10-3 1
Fave2
HERA
0
1
Q2=45GeV2
10-3 1
Q2=60GeV2
10-3 1
x
Figure 3: The new HERA data on F2 versus x at fixed Q[27]. ρ =
0.75, gs = 4.019,∆ = 2.
The quality of description one can
see from Fig. 3 where the new HERA
data[27] are plotted at eight values of Q2
as function of x. The message is clear:
the z and ln s dependence in Eq. (2.1)
reproduces the change in λ as function
of Q shown in Fig. 2.
The fit to the experimental data was
made in two differrent cases: the first
one ( solution I) corresponds to Eq. (2.3)
with the amplitude A˜ determined by Eq. (2.1);
and the second takes into account Eq. (2.16)
which restricts the integral over b (so-
lution II). The parameters that we ob-
tain are listed in Table 1. Solution I
gives small value of g = N2c gs = 0.04
while solution II leads to rather large
g = N2c gs = 4. They have very close
χ2/d.o.f. ≈ 1.5 and describe the data
equally well (see Fig. 4). However both
solutions cannot describe the data at lower Q (see Fig. 4-c and Fig. 4-d). From the fit we also determine
the function F in2 in Eq. (2.15) ( see Fig. 5).
It turns out that for both solutions the amplitude A is small ( see Fig. 6 that illustrated this fact).
In this figure one sees that the amplitude A˜ for the solution II reaches the value of about 0.5 but in spite
the fact that this value does not look very small Eq. (2.3) gives the value of the amplitude which is very
close to ImA˜. For the solution I the value of g is so small that it leads to a very small A˜. Therefore, the
lesson which we obtain from this estimates is very simple: the data for DIS can be described in N=4 SYM
but the non-linear (shadowing) corrections tuns out to be very small. In other words the saturation effects
which are in N=4 SYM are very similar to the one in QCD[4, 5, 6, 7, 8, 10], will be sizeable only at ultra
high energy, higher than the LHC maximum energy (W = 14TeV ).
These two solutions we check against the experimental data for the total cross section of proton-proton
interactions. The comparison with the experimental data is shown in Fig. 7
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0.5
0.75
1
1.25
1.5
10 -4 10 -3 10 -2 10 -1
Fave2
Q2=6.5GeV2
x
0.5
1
1.5
10 -3 10 -2 10 -1
Fave2
Q2=45GeV2
x
0
0.1
0.2
0.3
0.4
10 -5 10 -4 10 -3 10 -2 10 -1
Fave2
Q2=0.25GeV2
x
Fig. 4-a Fig. 4-b Fig. 4-c
Figure 4: Comparison of solution I (dotted line) and solution II ( solid line) for three values of Q2 (all other
information is in the pictures.)
F
in
2(Q2)
Q2 GeV20.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
1 10
Figure 5: F2
(
x = 0.01;Q2
) ≡
F in
2
(
Q2
)
versus Q2 for solution
I(dotted line) and solution II(solid line).
In this figure the errors are shown since
the values of F in
2
(
Q2
)
were considered
as independent fitting parameter.
One can see that with σ0 which does not increase with energy
we cannot obtain the good fit of the experimental data for the total
proton-proton cross section. However, it is clear that the solution
II gives the description closer to the data in comparison with the
solution I. The fact that we did not obtain a good description of
the data for the proton-proton scattering does not look discourag-
ing to us since we made oversimplified assumption about Φproton:
colourless dipoles are correct d.o.f. at high energy and K0(rq) is the
wave function of the dipole. It should be stressed that the unknown
mechanism which is different from N=4 SYM and which leads to
σ0 contribution in Eq. (2.17) is responsible only for the half of the
total inelastic cross section at RHIC energies (W = 300GeV ) and
less than a quarter for the LHC energies.
4. Conclusions
As has been mentioned comparing the N=4 SYM prediction with the experimental data we obtain two
surprising results. First, the N=4 SYM formula gives a good description of the DOIS structure function in
wide range of Q2 (Q2 = 0.85÷ 60GeV 2 and x ( x ≤ 0.01). The surprise stems from the fact that Eq. (2.1)
leads to power-loke dependence on x (F2 ∝ (1/x)1−ρ ) and this power does not depend on Q, Comparing
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this formula with Fig. 2 one can conclude that dependence of z of Eq. (2.1) as well as on ln s simulates the
effective power dependance on Q.
The second surprise is the smallness of gs that generates a very
10
-4
10
-3
10
-2
10
-1
1
10
1 10 10 2
Φp
Φγ, Q
2
=0.85 GeV2
Q2=60 GeV2
W=20 GeV
W=14 TeV
1
2
3
z
Figure 6: Functions Φγ (two dashed
lines), Φproton (solid line 3) and the am-
plitude of Eq. (2.3) (solid lines 1 and 2)
as functions of z2 = z for fixed z1 =
10GeV −1 at two energies W =
√
s =
20GeV and W =
√
s = 14TeV . Dot-
ted curve presents ImA of Eq. (2.16) at
W =
√
s = 14TeV .
small shadowing corrections which we can neglect even at the high-
est accessible energy:W = 14TeV . ρ = 0.7 ÷ 0.75 means that the
intercept of the Pomeron is rather small ∆IP ≈ 0.3÷ 0.35. We used
to consider such a small intercept to be typical for the weak cou-
pling limit (for the BFKL Pomeron). On the other hand, in small
coupling limit we expect a strong shadowing correction induced by
the Pomeron interactions ( see Refs. [11, 12, 15, 16]). Recalling
that ρ = 0.7 ÷ 0.75 corresponds to λ ≈ 7÷ 8 we could expect that
the corrections of the order of 1/λ2 will be small. In this case we
expect the small shadowing corrections with our fitted small value
of gs. Therefore, we have a dilemma: either the corrections of the
order of 1/λ2 are large or the shadowing phenomenon is neglidgibly
small.
The influence of the corrected b dependence was expected but
the fact that even with corrected b dependence we have still small
shadowing corrections was not expected.
In general we believe this analysis of the experimental data in
the framework of N=4 SYM theory gives the useful information on
the possible scenario what is going on in strong coupling limit at high energy. The picture that arises from
this analysis is in clear contradiction from the expectation of the high density QCD and because of this it
could lead to a better understanding the matching between soft (large coupling) and hard (small coupling)
processes in QCD.
– 10 –
Acknowledgements
50
100
150
2 3 4 5 6 7 8
σtot(mb)
log10(s/s0)
Figure 7: The comparison of the total
cross section for proton-proton high energy
scattering with N=4 SYM predictions for
solutions I (dotted line) and II (solid line).
We thank Boris Kopeliovich and Chung-I Tan for fruitful dis-
cussions on the subject of this paper. Chung -I Tan was the first
who mentioned to E.L. in private discussion that the description
of the DIS data could lead to a very small gs. Actually this re-
mark was the main impetus for this paper.
This work was supported in part by Fondecyt (Chile) grants,
numbers 1090236 and 1100648.
References
[1] J. M. Maldacena, Adv. Theor. Math. Phys. 2 (1998) 231 [Int. J. Theor. Phys. 38 (1999) 1113]
[arXiv:hep-th/9711200]; S. S. Gubser, I. R. Klebanov and A. M. Polyakov, Phys. Lett. B 428 (1998) 105
[arXiv:hep-th/9802109]; E. Witten, Adv. Theor. Math. Phys. 2 (1998) 505 [arXiv:hep-th/9803131].
[2] J. Polchinski and M. J. Strassler, JHEP 0305 (2003) 012 [arXiv:hep-th/0209211]; Phys. Rev. Lett. 88 (2002)
031601 [arXiv:hep-th/0109174].
[3] A. V. Kotikov, L. N. Lipatov, A. I. Onishchenko and V. N. Velizhanin, Phys. Lett. B 595 (2004) 521
[Erratum-ibid. B 632 (2006) 754] [arXiv:hep-th/0404092]; A. V. Kotikov and L. N. Lipatov, Nucl. Phys. B
661 (2003) 19 [Erratum-ibid. B 685 (2004) 405] [arXiv:hep-ph/0208220]; A. V. Kotikov and L. N. Lipatov,
Nucl. Phys. B 582 (2000) 19 [arXiv:hep-ph/0004008]. A. V. Kotikov, L. N. Lipatov and V. N. Velizhanin,
Phys. Lett. B 557 (2003) 114 [arXiv:hep-ph/0301021]; J. R. Andersen and A. Sabio Vera, Nucl. Phys. B 699
(2004) 90 [arXiv:hep-th/0406009]; Z. Bern, M. Czakon, L. J. Dixon, D. A. Kosower and V. A. Smirnov, Phys.
Rev. D 75 (2007) 085010 [arXiv:hep-th/0610248]; Z. Bern, L. J. Dixon and V. A. Smirnov, Phys. Rev. D 72
(2005) 085001 [arXiv:hep-th/0505205];
[4] Y. Hatta, E. Iancu and A. H. Mueller, JHEP 0801 (2008) 026 [arXiv:0710.2148 [hep-th]].
[5] R. C. Brower, J. Polchinski, M. J. Strassler and C. I. Tan, JHEP 0712 (2007) 005 [arXiv:hep-th/0603115].
[6] R. C. Brower, M. J. Strassler and C. I. Tan, arXiv:0707.2408 [hep-th].
[7] R. C. Brower, M. J. Strassler and C. I. Tan, JHEP 0806 (2008) 048 [arXiv:0801.3002 [hep-th]].
[8] L. Cornalba and M. S. Costa, Phys. Rev. D 78, (2008) 09010, arXiv:0804.1562 [hep-ph]; L. Cornalba,
M. S. Costa and J. Penedones, JHEP 0806 (2008) 048 [arXiv:0801.3002 [hep-th]]; JHEP 0709 (2007) 037
[arXiv:0707.0120 [hep-th]].
[9] B. Pire, C. Roiesnel, L. Szymanowski and S. Wallon, Phys. Lett. B 670, 84 (2008) [arXiv:0805.4346 [hep-ph]].
– 11 –
[10] E. Levin, J. Miller, B. Z. Kopeliovich and I. Schmidt, JHEP 0902 (2009) 048; arXiv:0811.3586 [hep-ph].
[11] L. V. Gribov, E. M. Levin and M. G. Ryskin, Phys. Rep. 100, 1 (1983).
[12] A. H. Mueller and J. Qiu, Nucl. Phys. B 268 427 (1986) .
[13] L. McLerran and R. Venugopalan, Phys. Rev. D 49,2233, 3352 (1994); D 50,2225 (1994); D 53,458 (1996); D
59,09400 (1999).
[14] E. A. Kuraev, L. N. Lipatov, and F. S. Fadin, Sov. Phys. JETP 45, 199 (1977); Ya. Ya. Balitsky and L. N.
Lipatov, Sov. J. Nucl. Phys. 28, 22 (1978).
[15] I. Balitsky, [arXiv:hep-ph/9509348]; Phys. Rev. D60, 014020 (1999) [arXiv:hep-ph/9812311]
Y. V. Kovchegov, Phys. Rev. D60, 034008 (1999), [arXiv:hep-ph/9901281].
[16] J. Jalilian-Marian, A. Kovner, A. Leonidov and H. Weigert, Phys. Rev. D59, 014014 (1999),
[arXiv:hep-ph/9706377]; Nucl. Phys.B504, 415 (1997), [arXiv:hep-ph/9701284]; J. Jalilian-Marian,
A. Kovner and H. Weigert, Phys. Rev. D59, 014015 (1999), [arXiv:hep-ph/9709432]; A. Kovner,
J. G. Milhano and H. Weigert, Phys. Rev. D62, 114005 (2000), [arXiv:hep-ph/0004014] ; E. Iancu,
A. Leonidov and L. D. McLerran, Phys. Lett. B510, 133 (2001); [arXiv:hep-ph/0102009]; Nucl. Phys. A692,
583 (2001), [arXiv:hep-ph/0011241]; E. Ferreiro, E. Iancu, A. Leonidov and L. McLerran, Nucl. Phys. A703,
489 (2002), [arXiv:hep-ph/0109115]; H. Weigert, Nucl. Phys. A703, 823 (2002), [arXiv:hep-ph/0004044].
[17] P. Kovtun, D. T. Son and A. O. Starinets, Phys. Rev. Lett. 94 (2005) 111601 [arXiv:hep-th/0405231].
[18] C. P. Herzog, A. Karch, P. Kovtun, C. Kozcaz and L. G. Yaffe, JHEP 0607 (2006) 013 [arXiv:hep-th/0605158].
[19] A. H. Mueller, Phys. Lett. B 668 (2008) 11 [arXiv:0805.3140 [hep-ph]]; F. Dominguez, C. Marquet,
A. H. Mueller, B. Wu and B. W. Xiao, Nucl. Phys. A 811 (2008) 197 [arXiv:0803.3234 [nucl-th]]; Y. Hatta,
E. Iancu and A. H. Mueller, JHEP 0805 (2008) 037 [arXiv:0803.2481 [hep-th]]
[20] P. M. Chesler and L. G. Yaffe, Phys. Rev. D 78 (2008) 045013 [arXiv:0712.0050 [hep-th]]; A. Yarom, Phys.
Rev. D 75 (2007) 105023 [arXiv:hep-th/0703095].
[21] D. E. Kharzeev and E. M. Levin, arXiv:0910.3355 [hep-ph].
[22] E. Levin and I. Potashnikova, JHEP 0906 (2009) 031 [arXiv:0902.3122 [hep-ph]].
[23] M. Froissart, Phys. Rev. 123 (1961) 1053;
A. Martin, “Scattering Theory: Unitarity, Analitysity and Crossing.” Lecture Notes in Physics,
Springer-Verlag, Berlin-Heidelberg-New-York, 1969.
[24] A. H. Mueller, Nucl. Phys. B 415 (1994) 373; N. N. Nikolaev and B. G. Zakharov, Phys. Lett. B 260 (1991)
414, Z. Phys. C 49 (1991) 607, 53 (1992) 331.
[25] E. Witten, Adv. Theor. Math. Phys. 2 (1998) 253 [arXiv:hep-th/9802150].
[26] I. Gradstein and I. Ryzhik, “ Tables of Series, Products, and Integrals”, Verlag MIR, Moskau,1981
[27] F. D. Aaron et al. [H1 Collaboration and ZEUS Collaboration], JHEP 1001, (2010) 109; [arXiv:0911.0884
[hep-ex]].
[28] H. Kowalski, L. Motyka and G. Watt, Phys. Rev. D 74 (2006) 074016 [arXiv:hep-ph/0606272].
[29] C. Adloff et al. [H1 Collaboration], Eur. Phys. J. C 21 (2001) 33; [arXiv:hep-ex/0012053].
S. Chekanov et al. [ZEUS Collaboration], Eur. Phys. J. C 21 (2001) 443. [arXiv:hep-ex/0105090].
– 12 –
